The energy requirem ent for protein transport into chloroplast was assayed under conditions that perm it to distinguish whether the posttranslational translocation is dependent on A TP or w hether a m em brane potential across the chloroplast envelope can drive this transport event.
Introduction
M itochondria and chloroplasts contain proteins of dual genetic origin. Some are coded for and made in the organell while others are coded for in the nucleus and made on cytosolic ribosom es as larger precursor proteins. These precursor proteins are then posttranslationally taken up into the organell in an ener gy-dependent step [1] ,
In mitochondria it was shown that a membrane potential across the inner mitochondrial membrane was able to drive protein translocation. The energy requirement in chloroplasts was much less well docum ented and subject to debate [2, 3] . The pres ent report is aimed to resolve this problem. We used the precursor form of the small subunit (pSSu) o f ribulose-l,5-bisphosphate carboxylase (E.C. 4.1.1.39) to elucidate this question with pea chloro plasts.
W hile this work was in progress several papers appeared describing the ATP-dependent protein translocation into E. coli membrane vesicles [4] and across yeast microsomal membranes [5, 6] 
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Materials and Methods

Materials
Plant material and growth conditions
Pea plants ( Pisum sativum, c.v. Rosa Krone) were grown on vermiculite in the greenhouse for 12-14 days.
Chloroplast isolation
Chloroplasts were isolated in low ionic strengtn m edium, 330 m M sorbitol, 20 i b m m orpholino-propane sulfonic acid-Tris (pH 7.3), 0.4 m M MgCl2 [7] , The crude plastid pellet was resuspended and chloroplasts further purified through a step silica sol gradient (40% v:v/80% v:v Percoll, Pharmacia, Frei burg) [8] . Intact, purified chloroplasts were recover ed from the gradient and washed free of Percoll by repeated centrifugation. A dense organell suspen sion (5 mg chlorophyll/ml) was used as stock solution for transport assays. Etioplasts were isolated as in [9] . Chlorophyll was determined by the method in [10] . 
Polyacrylam ide gel electrophoresis and autoradiography
All samples were analyzed by SD S-P A G E con taining a 10-15% linear acrylamide gradient and 1% bisacrylamide. Proteins were solubilized in 2.5% LD S, 12% sucrose, 70 m M DTT and 60 m M N a2C 0 3. Electrophoresis was done essentially as described by Delepelaire et al. [13] . Stained polyacrylamide gels were fluorographed according to Bonner and Laskey [14] and autoradiographed using an intensifying screen (Agfa-G evaert MR 600) at -80 °C. om itted from the uptake mixture (Fig. 2) . The sys tem described above yields A TP outside the chloro plast.
Transport experiments were quantified by S D S -P A G E
Aliquots
In order to see whether A TP synthesized inside the chloroplast can also support protein uptake, we incubated the protein transport system in the pres ence of oxalacetate (O A A ), dihydroxyacetone phos phate (D H A P ) and Pj. These substrates are trans ported via specific carriers into the chloroplast [16] and then can be used inside the chloroplast to yield A TP. The A TP made inside the chloroplast can also stimulate protein translocation (Fig. 2) .
The role o f an inner envelope bound ATP-ase in the energy requiring step in the protein translocation has been discussed [17] , W e used specific inhibitors o f this A TP-ase e.g. N a3V 0 4, LaCl3 and SbCl3. At concentrations known to inhibit the A TP-ase protein transport was also influenced. But N a3V 0 4 the most potent A TP-ase inhibitor [17, 18] had the least effect (Table I) . On the other hand the envelope bound ATP-ase can also hydrolyze GTP and CTP at rates similar to A T P [18] which are ineffective in support ing protein uptake (see above).
Chloroplasts are surrounded by the outer envelope membrane in contact with the cytosol and responsi- (Fig. 3) , thus indicating that A TP is needed at the outer envelope membrane. If the postribosomal supernatant was incubated with 6 mM A TP, glucose and hexokinase 5 min prior to the transport experim ent, almost no SSu appeared in the stroma, but when glucose-6-P was included into the assay system to inhibit the hexokinase protein transport was com pletely restored (not shown). It is evident that A TP synthesized inside the chloroplast can support protein uptake. The chloroplast is able to supply ATP via a multitude of pathways, i) in the light via photophosphorylation, ii) in the dark via starch degradation and glycolysis. ATP made from photosynthetic electron transport can also drive pro tein translocation [2] (Table II) . Using specific energytransfer inhibitors it was possible to demonstrate that ATP derived either from cyclic or non-cyclic electron transport is able to deliver the energy re quired in pSSu uptake. D C M U and antimycin A were used as inhibitors of non-cyclic and cyclic elec tron transport, respectively (Fig. 4, Table II) .
In order to exclude a membrane potential as driv ing force in pSSu translocation, different classes of uncouplers were used. A potassium gradient (KC1 0 -100 mM) could neither support by itself nor stim u late in the presence o f ATP protein uptake into chloroplasts (Fig. 5) . Valinomycin (a K specific ionophore) had no effect on pSSu uptake in the pres ence of varying ATP concentrations (0 .6 -6.6 mM) ( Fig. 5) . Nigericin [3] was also ineffective in protein transport inhibition in the presence of ATP (Table  II) . The ionophore A 23187 specific for Ca2~ and divalent cations had no effect on pSSu uptake in the presence of ATP (A 23187 1 -10 [am, Mg 10 m M ). Protonophores like CCCP do inhibit protein up take in the light, by uncoupling photosynthetic elec tron transport, but CCCP does not influence pSSu translocation in the presence of exogenous ATP (Table II) .
Finally the influence of several other substrates on protein translocation into plastids was determined which were thought to alter ATP hydrolysis. Sodiumpyrophosphate inhibited pSSu transport into etioplasts and chloroplasts (Fig. 6) . Simultaneous in clusion o f pyrophosphatase com pletely reversed this effect. A t lower ATP concentrations A D P is also able to inhibit transport into plastids (data not shown).
N aF, a phosphatase inhibitor leads to a strong de crease in transport while binding is increased (Fig.  7) . Similar data have been obtained with etioplasts This dem onstrates that plastids have a very versatile system to provide ATP for protein uptake and are not fixed to one A TP source. This is especially im portant in plastid developm ent, when for example in etioplasts and proplastids ATP cannot derive from photosynthetic electron flow. W hile the outer en velope membrane is probably permeable to ATP the inner envelope membrane has a specific carrier sys tem , which is more active in pea than in spinach chloroplasts. This would allow newly synthesized A TP to m ove to the place of utilization. We have obtained som e evidence that the ATP is needed at the outer envelope or at least at the outside of the inner envelope membrane by using hexokinase as an external A TP depleting system. H exokinase which cannot penetrate the envelope membranes, abolishes protein transport when the internal chloroplast ATP synthesizing system via O A A -D H A P is used. The inner envelope membrane-bound ATP-ase is prob ably not involved in the hydrolysis of A TP necessary for pSSu translocation as was dem onstrated using specific inhibitors. And also by the fact that this A TP-ase can hydrolyze GTP and CTP to a similar extent as ATP while GTP and CTP are not able to support pSSu uptake. The question now arises which is the ATP requiring step and what is the mechanistic background. The data presented in this paper and in [9] agree with the idea that ATP is needed to phosphorylate a protein which is required for transloca tion [6, 20] .
An outer envelope membrane-bound protein kinase has been described [20, 21] which shows sim i lar inhibition responses to ADP and PPj as does the pSSu transport. In addition NaF, a known phosphat ase inhibitor effectively blocks protein import, while binding is concom ittantly increased. Though this data are not direct evidence, they second a very in teresting m odel which should be elucidated in more detail.
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